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(54) Surface shape recognition apparatus 

(57) A surface shape recognition apparatus in* 
eludes a plurality of sensor electrodes, passivation film, 
capacitance detection circuit, and ground electrode. 
The sensor electrodes are formed on an interlevel insu- 
lator on a substrate and insulated from each other. The 
passivation film is formed on the interlevel insulator to 
cover the upper and side surfaces of each sensor elec- 



trode. The passivation film is formed from a dielectric 
material. When a target recognition object comes into 
contact with the surface of the passivation film, the ca- 
pacitance detection circuit detects an electrostatic ca- 
pacitance formed between the sensor electrode and the 
surface of the target recognition object opposing the 
sensor electrode. The ground electrode passes static 
electricity on the surface of the passivation film. 
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Description 

Background of the Invention 

s [0001] The present invention relates to a surface shape recognition apparatus and, more particularly, to a surface 
shape recognition apparatus for recognizing the small surface shape pattern of a human finger or animal nose. 
[0002] In the social environment of today where the information-oriented society is developing, security technology 
has taken a growing interest. For example, in the information-oriented society, a personal authentication technology 
for constructing an electronic money system is an important key. In fact, authentication technologies for implementing 

w preventive measures against burglary and illicit use of cards are under active research and development (for example, 
Yoshimasa Shimizu, "A Study on the Structure of a Smart Card with the Function to Verify the Holder", Technical Report 
of IEICE, OFS92 - 32, pp. 25 - 30, (1992)). 

[0003] Such authentication techniques include various schemes using a fingerprint or voiceprint. Especially, many 
fingerprint authentication techniques have been developed. Fingerprint authentication schemes are roughly classified 
is into optical read schemes and schemes of converting the three-dimensional pattern on the skin surface of a fingertip 
into an electrical signal using human electrical characteristics and outputting the electrical signal. 
[0004] In an optical read scheme, a fingerprint is received as optical image data mainly using light reflection and a 
CCD images sensor and collated (Japanese Patent Laid-Open No. 61-221883). 

[0005] Another scheme has also been developed, in which a piezoelectric thin film is used to read the pressure 
20 difference on a finger skin surface (Japanese Patent Laid-Open No. 5-61965). As a scheme of converting a change 
in electrical characteristics due to contact of skin into an electrical signal distribution to detect the shape of fingerprint, 
an authentication scheme of detecting a resistance or capacitance change amount using a pressure sensitive sheet 
has been proposed (Japanese Patent Laid-Open No. 7-168930). 

[0006] However, of these techniques, the scheme using light is hard to achieve size reduction and versatility, and its 
25 application purpose is limited. Tho scheme of sensing the three-dimensional pattern at a fingertip can hardly be put 

into practical use and is poor in reliability because of special materials and difficulty in working. 

[0007] A capacitive fingerprint sensor using an LSI manufacturing technology has also been proposed (Marco Tar- 

tagni and Roberto Guerrieri, A 390dpi Live Fingerprint Imager Based on Feedback Capacitive Sensing Scheme, 1997 

IEEE International Solid-State Circuits Conference, pp 200 - 201 (1997)) In this method, small sensors two-dimen- 
30 sionally arrayed on an LSI chip detect the three-dimensional pattern of a skin using a feedback electrostatic capacitance 

scheme For this capacitive sensor, a plate is formed on the uppermost layer of LSI interconnections, and a passivation 

film is formed thereon. 

[0008] When a fingertip comes into contact with this sensor, the skin surface functions as a second plate which is 
spaced apart by an insulating layer formed by air. Sensing is done on the basis of the distance difference between the 
35 skin surface and the plate, thereby detecting the fingerprint. In this technique, a reference plate is arranged near the 
plate on the uppermost layer, and the difference from this reference plate is used for actual sensing. As characteristic 
features of this structure, no special interface is required, and the size can be reduced, unlike the conventional optical 
scheme 

[0009] In principle, the fingerprint sensor has a sensor electrode formed on a semiconductor substrate and a passi- 
40 vation film formed on the sensor electrode, in which the capacitance between the skin and the sensor is detected 
through the passivation film to detect a small three-dimensional structure. 

[0010] The conventional capacitive fingerprint sensor will be briefly described with reference to the accompanying 
drawings. This capacitive sensor has a structure shown in Fig. 10. An interconnection 403 is formed via a lower insu- 
lating tjlm 402 on a semiconductor substrate 401 having LSIs formed thereon, and an interlevel insulator 404 is formed 
45 thereon. 

[0011] Sensor electrodes 406 each having, e g., a rectangular planar shape are formed on the interlevel insulator 
404. The sensor electrode 406 is connected to the interconnection 403 through a plug 405 in the through hole formed 
in the interlevel insulator 404 A passivation film 407 is formed on the interlevel insulator 404 to cover Ihe sensor 
electrodes 406. thereby forming a sensor element. As shown in Fig. 11 , a plurality of sensor elements are two-dimen- 
50 sionally arrayed while preventing the sensor electrodes 406 of adjacent sensor elements from coming into contact with 
each other. 

[0012] The operation of the capacitive sensor will be described next. To detect a fingerprint, a finger whose fingerprint 
is to be detected comes into contact with the passivation film 407 first. As the finger comes into contact, the skin in 
contact with the passivation film 407 on the sensor electrode 406 functions as an electrode, so a capacitance is formed 
55 between the skin and the sensor electrode 406. This capacitance is detected through the interconnection 403. The 
fingerprint at the fingertip is formed by the three-dimensional pattern of the skin. Hence, when the fingertip is brought 
into contact with the passivation film 407. the distance between the sensor electrode 406 and the skin serving as an 
electrode changes between Ihe ridge portion and the valley portion of the skin surface This difference in distance is 
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detected as the difference in capacitance. Hence, the three-dimensional pattern on the skin surface can be obtained 
by detecting the distribution of capacitance that changes between the sensor electrodes Thus, the small three-dimen- 
sional pattern on the skin can be sensed by this capacitive sensor 

(0013] Such a capacitive fingerprint sensor requires no special interlace and enables size reduction, unlike the con- 

5 ventional optical sensor. 

[0014] This capacitive sensor can be integrally mounted on an integrated circuit (LSI) chip which integrates the 
following sections. More specifically, the above-described capacitive sensor can be mounted on an integrated circuit 
chip which integrates a capacitance detection circuit for detecting the capacitance of the sensor electrode 406, a 
processing circuit for receiving and processing the output from the capacitance detection circuit, a storage circuit storing 

10 fingerprint data for collation, and a comparison/collation circuit for comparing and collating the fingerprint data in the 
storage circuit with a fingerprint detected by the capacitance detection circuit and processed by the processing circuit. 
When these units are formed on one integrated circuit chip, information can hardly be altered in data transfer between 
the units, ^and security performance can be improved. 

[0015] A capacitance detection sensor using such an LSI technology is described in, e.g., "ISSCC DIGEST OF 

is TECHNICAL PAPERS* FEBRUARY 1 998 pp. 284 - 285. 

[001 6] Fig. 1 2 shows a conventional capacitance detection circuit for detecting an electrostatic capacitance formed 
between finger skin and an electrode to detect the three-dimensional pattern on the skin surface. Referring to Fig. 12, 
a detection element 50 outputs, as a voltage signal, a value Ct of electrostatic capacitance formed between the sensor 
electrode 406 and a surface 400 of a finger in contact. A capacitance detection circuit 500 comprises a signal generation 

20 circuit 510 and output circuit 520. The sensor electrode 406 of the detection element 50 is connected to the input side 
of a currem source 511 of a current I through an NMOS transistor Q2. A node N1 between the sensor electrode 406 
and the ^fansistor Q2 is connected to the input side of the output circuit 520. A power supply voltage VDD is applied 
to the node N1 through a PMOS transistor 01. The node N1 has a parasitic capacitance CpO. Signals PRE and RE 
are supplied to the gate terminals of the transistors Q1 and Q2 ; respectively. 

25 [001 7] The current source 51 1 and transistor Q2 constitute the signal gonoration circuit 510, and an NMOS transistor 
Q3 and bias resistance Ra constitute the output circuit 520. 

[0018] The operation of the capacitance detection circuit 500 shown in Fig. 1 2 will be described. 
[001 9] First, the signal PRE of high level (VDD) is supplied to the gate terminal of the transistor Q1 while the signal 
RE of low level (GND) is supplied to the gate terminal of the transistor Q2 Hence, the transistors Q1 and 02 are not ON. 
30 [0020] In this state, when the signal PRE changes from high level to low level, the transistor Q1 is turned on Since 
the transistor Q2 is kept OFF. the potential at the node N1 is precharged to VDO. 

[0021] After completion of precharge, the signal PRE changes to high level, and simultaneously, the signal RE chang- 
es to high level. The transistor Q1 is turned off, and the transistor Q2 is turned on. Charges stored al the node N1 are 
removed by the current source 511 . As a result, the potential at the node N1 drops. 
35 [0022] Let At be the period in which the signal RE is kept at high level. A potential drop AV at the node N1 after the 
elapse of period At is given by 

AV-lAt/(Cf + CpO) (t) 

40 

where Cf is the electrostatic capacitance value. 

[0023] Since the current I of the current source 511. the period At, and the parasitic capacitance CpO have prede- 
termined values, the potential drop AV is determined by the electrostatic capacitance value Cf . The capacitance value 
Ct is determined by the distance between the sensor electrode 406 and the finger surface 400 and therefore changes 
45 depending on the three-dimensional pattern on the skin surface. This potential drop AV is supplied to the output circuit 
520 as an input signal. The output circuit 520 receives the potential drop AV and outputs a signal that reflects the three- 
dimensional pattern on the skin surlace. 

[0024] However, the above-described capacitive sensor uses the finger skin as an electrode. For this reason, if a 
finger with static electricity comes into contact with the sensor, the LSI integrated with the capacitive sensor readily 

so electrostatically break due to this static electricity, resulting in degradation in reliability. 

[0025] More specifically, a MOS transistor of an LSI normally has characteristics representing that a signal is highly 
sensitively output in response to a signal input to the gate terminal. For this reason, in the conventional capacitance 
detection circuit 500, the gate terminal of the MOS transistor Q3 of the output circuit 520 is directly connected to the 
node N1 connected to the sensor electrode 406. thereby highly sensitively detecting the small signal change AV at the 

55 node and outputting it. 

[0026] However, the gate oxide film of the MOS transistor is as thin as 10 nm and has a breakdown voltage of about 
100 V If a voltage higher than this breakdown voltage is input to the gate terminal, the gate oxide film breaks to make 
the MOS transistor inoperable For this reason, in recognizing a surface shape such as a three-dimensional pattern 
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on a finger by the conventional capacitance detection circuit shown in Fig. 12, it the target recognition object such as 
a finger has static electricity, the static electricity more than 1 ,000 V reaches the gate terminal of the MOS transistor 
Q3 in the output circuit 520 through the sensor electrode 406. Consequently, the transistor Q3 breaks to degrade the 
reliability. 

5 

Summary of the invention 

[0027] It is an object of the present invention to improve the reliability of a surface shape recognition apparatus for 
recognizing a small surface shape such as a three-dimensional pattern on a finger skin surface using a capacitive 
10 sensor. 

[0028] In order to achieve the above object, according to the present invention, there is provided a surface shape 
recognition apparatus comprising a plurality of sensor electrodes formed on an interlevel insulator on a substrate and 
insulated from each other, a passivation film formed on the interlevel insulator to cover an upper surface and side 
surface of each of the sensor electrodes, the passivation film being formed from a dielectric material, a capacitance 
15 detection circuit for, when a target recognition object comes into contact with a surface of the passivation film, detecting 
an electrostatic capacitance formed between the sensor electrode and a surface of the target recognition object op- 
posing the sensor electrode, and static electricity avoiding means for passing static electricity on the surface of the 
passivation film. 

20 Brief Description of the Drawings 

[0029] 

Fig. 1 is a sectional view showing the sensor chip of a surface shape recognition apparatus according to a first 
25 embodiment of the prcsont invention; 

Fig. 2 is a plan view of the sensor chip; 

Fig. 3 is a circuit diagram showing a capacitance detection circuit according to a second embodiment of the present 
invention; 

Fig 4 is a circuit diagram showing the arrangement of the main part of the capacitance detection circuit shown in 
30 Fig 3; 

Fig. 5 is a circuit diagram showing the equivalent circuit of the capacitance detection circuit shown in Fig. 4; 
Fig. 6 is a circuit diagram showing a capacitance detection circuit according to another embodiment of the present 
invention; 

Fig. 7 is a circuit diagram showing the arrangement of the main part of the capacitance detection circuit shown in 
35 Fig. 6; 

Fig. 8 is a circuit diagram showing the equivalent circuit of the capacitance detection circuit shown in Fig. 7; 
Fig. 9 is a circuit diagram showing a capacitance detection circuit according to yel a further embodiment of the 
present invention; 

Fig. 10 is a sectional view of a conventional sensor chip; 
40 Fig. 1 1 is a plan view of the conventional sensor chip; and 

Fig. 1 2 is a circuit diagram of a conventional capacitance detection circuit. 

Description of the Preferred Embodiments 

45 [0030] The embodiments of the present invention will be described below with reference to the accompanying draw- 
ings. 

(Firsl Embodiment) 

so [0031] Fig. 1 shows the main part of a surface shape recognition apparatus according to the first embodiment of the 
present invention. Referring to Fig. 1 , the sensor chip of the surface shape recognition apparatus comprises a plurality 
of 80-um square sensor electrodes 105 and a matrix-shaped ground electrode 1 06 on an interlevel insulator 1 04 formed 
on a lower insulating film 102 on a semiconductor substrate 101 formed from, e.g., silicon. 

[0032] The plurality of sensor electrodes 105 and ground electrode 106 are formed on the same plane defined by 
55 the surface of the interlevel insulator 104. The ground electrode 106 need not be flush with the sensor electrodes 105. 
[0033] As shown in Fig. 2, the sensor electrodes 105 are arranged at the centers of cells of the matrix formed by the 
ground electrode 106, and the ground electrode 106 is insulated from the sensor electrodes 105 The ground electrode 
106 is formed from, e g , Au. and has a height, i.e., film thickness of about 3 um from the bottom portion in contact with 
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the interlevel insulator 104 to the top portion exposed to the surface of a passivation film 107. Hence, the passivation 
film 107 also has a film thickness of about 3 jim The upper surface of the ground electrode 106 forms one surface 
together with the surface of the passivation film 107 In this emoodiment, this surface forms one plane. 
{0034] The ground electrode 106 is connected, through an interconnection 106a formed on the interlevel insulator 

s 104, to a pad (reference electrode) 106b connected to a o/ound line In a detection region 105a where the sensor 
electrodes 105 are formed, the ground electrode 106 isprcscnt only on the interlevel insulator 104. In this embodiment, 
the ground electrode 106 is formed in contact with the upper su-facc of the interlevel insulator 104. However, the 
present invention is nol limited to this. The ground electrode 106 may be buried from the surface of the passivation 
film 107. and the bottom portion of the ground electrode 106 may bo separated from the upper surface of the interlevel 

ro insulator 104. Instead of connecting the pad 106b to the ground line, a predetermined fixed potential may be applied 
to the pad 106b. 

[0035] The plurality of sensor electrodes 105 are formed at an interval of 150 um while being covered with the 
passivation film 107 formed on the interlevel insulator 104 "he sensor clocirodes 105 are formed from, e.g., Au and 
have a film thickness ol about 1 um. Since the film thickness oi the passivation litm 107 is about 3 jam, the thickness 
1$ of the passivation film 107 on each sensor electrode 105 is about 2 \\xr\ { 3 • 1 ) The passivation film 107 is formed 
from an insulating material such as potyimide having a relatrve pcrmrirvity oi about 4 0. 

[0036] An interconnection 103 is formed on the lower msuiahnq him 102 and connected to the sensor electrode 105 
via a through hole. A capacitance detection circuit 200 for detecting a capacitance formed between the sensor electrode 
105 and a finger in contact with the sensor is formed on the semiconducor substrate 101 . The capacitance detection 
20 circuit 200 is connected to the sensor electrode 105 through the above -described interconnection 103. A capacitance 
detection circuit 200 is prepared for each sensor electrode 105 to detect the capacitance formed between the sensor 
electrode 105 and a portion of a target recognition object 

[0037] An output OUT from each capacitance detection circuit 200 is procossed by a processing circuit 3Q0. The 
processing by the processing circuit 300 generates image data corresponding to a halftone image converted from the 
25 electrostatic capacitance (i.e., the three-dimensional pattern (to be described later) ol tho finger skin surface, which 
represents the finger surface shape) between each sensor electrode 105 and tho finger skin surface as a target rec- 
ognition object. 

[0038] The capacitance detection circuits 200 and processing circuit 300 are formed on the semiconductor substrate 

101 under the sensor electrodes 105 as an integrated circuit The capacitance detection circuits 200 and processing 
30 circuit 300 need not always be monolithically formed on the semiconductor substrale 101 However, the sensor elec- 
trodes 105, capacitance detection circuits 200, and processing circuit 300 are preferably formed as close as possible. 
[0039] In the first embodiment, the ground electrode 106 is formed to be partially exposed to the surface of the 
passivation film 107 which comes into contact with a finger to be recognized lor recognition. With this arrangement, 
static electricity generated when the finger comes into contact with the surface ol the passivation film 107 flows to the 

35 ground electrode 106, so static electricity application to the capacitance detection circuits 200 formed under the inter- 
level insulator 104 can be suppressed. Since the capacitance detection circuit 200 is hardly affected by the static 
electricity because of the ground electrode 106, the reliability of the capacitance detection circuit is improved. 

(Second Embodiment) 

40 

[0040] Fig. 3 shows the capacitance detection circuit of a surface shape recognition apparatus according to a second 
embodiment. 

[0041] The capacitance detection circuit 200A for detecting an electrostatic capacitance between a sensor electrode 
105 and a target recognition object 100 such as a human finger in contact comprises a signal generation circuit 210 
^5 for generating a signal according to the quantity of electricity corresponding to a detected electrostatic capacitance 
value Cf, and an output circuit 220 for detecting the signal at the connection point between the sensor electrode 105 
and the signal generation circuit 210 and outputting the signal. 

[0042] Referring to Fig. 3, the sensor electrode 105 constructing a detection element 1 is connected to the drain 
terminal of an NMOS transistor Q2 in the signal generation circuit 210. The source terminal of the transistor Q2 is 

50 connected to the input side of a current source 211 having a current value I. A node N1 between the sensor electrode 
105 and the transistor 02 is connected to the source terminal ol a PMOS transistor Q4. The drain terminal of the 
transistor Q4 is connected to the drain terminal of a PMOS transistor Ql having a source terminal to which a power 
supply voltage VDD is applied, and tho input side of the output circuit 220. An NMOS transistor Q3 and bias resistance 
Ra constitute the output circuit 220. Reference symbols CpO and Cp1 denote parasitic capacitances. The elements 

55 including the transistors are formed on a semiconductor substrate 101 under a lower insulating film 102 shown in Fig. 
1 . The elements including the transistors are connected through an interconnection layer on the lower insulating film 

102 to form the capacitance detection circuit 

[0043] The operation of the capacitance detection circuit 200A having the above arrangement will be described 
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[0044] In the standby state, a signal PRE of high level (VDD) is supplied to the gate terminal of the transistor Q1 
shown in Fig. 3 while a signal RE of low level (GND) is supplied to the gate terminal of the transistor Q2. At this time, 
both transistors 01 and Q2 are OFF. A potential VGP is applied to the gate terminal of the transistor Q4 to turn on the 
transistor Q4. 

5 [0045] When the signal PRE changes from high level to low level, the transistor Q1 is turned on. Since the transistor 
Q2 is kept OFF, and therefore, the signal generation circuit 210 is in an inoperative state, a node N2 is precharged to 
VDD. The node Nl is also precharged to VDD through the transistor Q4. After precharge, the signal PRE is changed 
from low level to high level to turn off the transistor Q1 . 

Simultaneously, the signal RE is changed from low level to high level to turn on the transistor Q2. The signal generation 
io circuit 210 operates, and charges stored at the nodes N1 and N2 are removed by the current source 211 in the signal 
generation circuit 210, so the potential at the nodes N1 an N2 lowers, 

[0046] Let At be the period in which the signal RE is maintained at high level. A voltage drop AV at the nodes N1 
and N2 after the elapse of period At is given by 

is 

AV^I- Al/(CUCp0 + Cp1) (2) 

where Cf is the electrostatic capacitance value, CpO and Cp1 are the parasitic capacitance values, and I is the current 
value of the current source 211 . 

20 [0047] The electrostatic capacitance Cf is determined by the distance between the finger skin 100 and the sensor 
electrode 1 05 and therefore changes depending on the three-dimensional pattern on the skin surface. Since the current 
value I and the values CpO and Cp1 have predetermined values, the voltage drop AV represented by equation (2) 
changes depending on the three-dimensional pattern on the skin surface. This voltage drop AV is supplied to the output 
circuit 220 as an input signal. The output circuit 220 receives the voltage drop AV and outputs a signal that reflects the 

25 thrco-dimonsional pattern on the skin surface. 

[0048] In the capacitance detection circuit shown in Fig. 3, the source terminal of the transistor Q4 is connected to 
the sensor electrode 105 of the detection element 1 as an input terminal. Fig. 4 schematically shows the sectional 
structure ol the transistor Q4 portion in the capacitance detection circuit shown in Fig. 3. 

[0049] Referring to Fig 4, a power supply having the voltage VGP is connected to the gate of the transistor Q4 The 

30 nodes N1 and N2 are connected to the source and drain terminals of the transistor Q4, respectively The source and 
drain terminals of the transistor Q4 have a conductivity type p+ as a semiconductor while the substrate (or well) has 
a conductivity type n. This means a parasitic p-n diode is connected to the node Nl. In addition, since the n-type 
substrate (or well) is connected to the power supply voltage VDD, the parasitic p-n diode is connected to the node N1 
as a diode D1 , as shown in Fig. 5. 

3S [0050] For this reason, even when a high voltage is applied to the node N1 , the diode D1 is turned on and functions 
as a protection circuit. The p-n junction has a sufficiently high breakdown voltage relative to the gate oxide film. For 
this reason, even when a high negative voltage is applied to the node N1 , the transistor Q4 does not break. 
[0051] As described above, the PMOS transistor Q4 is connected to the sensor electrode 1 05 of the detection element 
1 in place of the gate terminal of a MOS transistor, thereby forming the parasitic p-n diode between the substrate and 

4 o the source terminal. This diode raises the breakdown voltage at the node Nl and functions as a protection circuit 
against high voltage application. Hence, even when a finger with static electricity comes into the contact, the transistor 
Q3 does not break, so the reliability of a processing circuit 300 including the capacitance detection circuit 200A is 
improved, unlike the conventional capacitance detection circuit shown in Fig. 12 in which the high-voltage static elec- 
tricity reaches the gate terminal of the MOS transistor Q3 in the output circuit 220 through the sensor electrode 105 to 

4 $ break the transistor Q3 

[0052] In the second embodiment, the source terminal of the PMOS transistor Q4 is connected to the sensor electrode 
105 of the detection element 1 . Generally, the source of a MOS transistor has the same characteristics as those of the 
drain Hence, even when Ihe drain terminal of Ihe PMOS transistor Q4 is connecled lo Ihe sensor eleclrode 105, a 
parasitic p-n diode is formed between the substrate and the drain terminal. This diode also raises the breakdown 

so voltage at the node N1 and functions as a protection circuit against high voltage application. 

[0053] The arrangements of the signal generation circuit 210 and output circuit 220 in the capacitance detection 
circuit 200A shown in Figs. 3 to 5 are merely implementation examples and are not limited to those shown in Figs. 3 to 5. 

(Third Embodiment) 

£5 

[0054] Fig. 6 shows a capacitance detection circuit according to a third embodiment of the present invention. In the 
second embodiment shown in Fig 3, the PMOS transistor Q4 is inserted between the sensor electrode 105 and the 
output circuit 220 In the third embodiment, however, an NMOS transistor Q5 is inserted between a detection element 
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1 and an output circuit 220. 

[005SJ The operation of a capacitance detection circuit 200B shown in Pig. 6 will be described next. 
[0056] When a signal PRE changes from high level to low level, a transistor Q1 is turned on. Since transistor Q2 is 
kept OFF, a node N2 is precharged to VDD. As a result, a node N1 is precharged to VGN - Vth through the transistor 
s Q5 to turn off the transistor Q5. Reference symbol VGN denotes the potential at the gate terminal of the transistor Q5; 
and Vth. the threshold voltage Vth of the transistor Q5. 

(0057] After precharge, the signal PRE is changed from low level to high level to turn off the transistor Q1 . Simulta- 
neously, a signal RE is changed from low level to high level to turn on the transistor Q2. A signal generation circuit 210 
operates, and charges stored at the node N1 are removed by a current source 211 in the signal generation circuit 210. 

10 so the potential at the node N1 slightly lowers. At this time, the transistor Q5 is turned on. Charges stored at the node 
N2 are also removed by the current source 211. so the potential at the node N2 also becomes low. 
[0058] A parasitic capacitance value Cp1 mainly includes the parasitic capacitances at the drain terminals of the 
transistorsQI and Q5 and gate terminal of a transistor Q3 and can be made sufficiently smaller than a parasitic ca- 
pacitance CpO by actual layout. For this reason, the potential change at the node N2 is larger than that at the node 

*s Nl . As described above, the transistor Q5 functions as an amplification circuit for amplifying the voltage signal gener- 
ated by the signal generation circuit 210. 

[0059] Let At be the period in which the signal RE is maintained at high level. A voltage drop AV at the node Nl after 
the elapse of period At is given by 

20 

AV = VDD - (VGN - Vth) + I - At/(Cf + CpO + Cp1 ) (3) 
where I isjthe current value of the current source 211 . 

[0060] An electrostatic capacitance value Cf is determined by the distance between a finger skin 100 and the sensor 
25 electrode 1 05 and therefore changes depending on the three-dimensional pattern on the skin surface. Since all valuos 

except the electrostatic capacitance value Cf are predetermined, the voltage drop AV represented by equation (3) 

changes depending on the three-dimensional pattern on the skin surface. This voltage drop AV is supplied to an output 

circuit 220 as an input signal. The output circuit 220 receives the voltage drop AV and outputs a signal that reflects the 

three-dimensional pattern on the skin surface. 
30 [0061] In the capacitance detection circuit 200B shown in Fig 6, the source terminal of the transistor Q5 is connected 

to the sensor electrode 105 as an input to the amplification circuit. Fig. 7 schematically shows the sectional ttructure 

of the transistor Q5 portion in the capacitance detection circuit 2008 shown in Fig. 6. 

[0062] Referring to Fig. 7, a power supply with a voltage VGN is connected to the gate terminal of the transistor Q5. 
The nodes N1 and N2 are connected to the source and drain terminals of the transistor Q5, respectively. The source 
35 and drain terminals of the transistor Q5 have a conductivity type n+ as a semiconductor while the substrate (or well) 
has a conductivity type p. This means a parasitic p-n diode is connected to the node N1. In addition, since the p-type 
substrate (or well) is connected to the ground potential the parasitic p-n diode is connected to the node Nl as a diode 
D2. as shown in Fig. 6. 

[0063] As described above, the p-n junction has a sufficiently high breakdown voltage relative to the gate oxide film. 
*o For this reason, in the capacitance detection circuit of the third embodiment, even when a high voltage is applied to 
the node N1 , the transistor Q5 does not break. When a high negative voltage is applied to the node N1, the diode D2 
is turned on and functions as a protection circuit. 

[0064] As described above, the source terminal of the NMOS transistor Q5 is connected to the sensor electrode 1 05 
of the detection element 1 in place of the gate terminal of a MOS transistor, thereby forming the parasitic p-n diode 

45 between the substrate and the source terminal. This diode raises the breakdown voltage at the node N1 and functions 
as a protection circuit against a negative voltage. Hence, even when a finger with static electricity comes into contact 
with the sensor, the transistor Q3 does not break, so the reliability of a processing circuit 300 including the capacitance 
detection circuit 200B is improved, unlike the conventional capacitance detection circuit shown in Fig. 12 in which the 
high-voltage static electricity reaches the gate terminal of the MOS transistor Q3 in the output circuit 220 through the 

50 sensor electrode 1 05 to break the transistor Q3. 

[0065] !n the third embodiment, the source terminal of the NMOS transistor Q5 is connected to the sensor electrode 
105 of the detection element 1 . Generally, the source ot a MOS transistor has the same characteristics as those of the 
drain. Hence, even when the drain terminal ol the NMOS transistor Q5 is connected to the sensor electrode 105, a 
parasitic p-n diode is formed between the substrate and the drain terminal. This diode also raises the breakdown 

55 voltage at the node N1 and functions as a protection circuit against a negative voltage. 

[0066] In addition, since the transistor Q5 has an amplification function, an amplification circuit having a protection 
circuit can be implemented without increasing the number of elements, unlike the capacitance detection circuit of the 
second embodiment Hence, a compact capacitance detection circuit having a higher detection sensitivity can be con- 
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structed at low cost. 

[0067] The arrangements of the signal generation circuit 210 and output circuit 220 in the capacitance detection 
circuit 200B shown in Figs. 6 to 8 are merely implementation examples and are not limited to those shown in Figs. 6 to 8. 

s (Fourth Embodiment) 

[0068] Although not illustrated, a capacitance detection circuit of a fourth embodiment has an arrangement in which 
the polarities of the transistors and signals in the capacitance detection circuit 200A of the second embodiment shown 
in Fig. 3 are inverted, and the ground (GND) potenlial and power supply voltage VDD shown in Fig. 3 are exchanged. 
10 [0069] With this arrangement, the same effect as that of trie capacitance detection circuit 200A of the second em- 
bodiment can be obtained. 

(Fifth Embodiment) 

'5 [0070] Although not illustrated, a capacitance detection circuit of h filth embodiment has an arrangement in which 
the polarities of the transistors and signals in the capacitance detection circuit 20CB ot the third embodiment shown in 
Fig. 6 are inverted, and the ground (GND) potential and power supply vottago VDD shown in Fig 6 are exchanged 
[0071] With this arrangement, the same effect as that ot the capacitance detection circuit 200B of the third embod- 
iment can be obtained. 

20 

(Sixth Embodiment) 

[0072] A capacitance detection circuit of a sixth embodiment uses another source -input -type amplification circuit as 
an amplification circuit. A transistor Q5 shown in Fig 6, which has an amplification function, is constructed by two 
2S transistors Q5A and Q5B, as shown in Fig. 9. Tho drain terminals and gale terminals of the transistors Q5A and Q5B 
are cross-connected to make them to function as a differential amplification circuit 

[0073] When the source terminals of the transistors Q5A or Q5B shown in Fig 9 is connected to a sensor electrode 
105 as inputs to the differential amplification circuit, the same effect as that of the third and fifth embodiments can be 
obtained 

30 [0074] As described above, when the source terminal of a MOS transistor is connected to the sensor electrode 105 
of a detection element 1 as an input to the input circuit for inputting a signal from the detection element 1 side, a 
parasitic p-n diode is formed. Since this diode raises the breakdown voltage and functions as a protection circuit, the 
reliability of a capacitance detection circuit 200 is improved. Hence, when this surface shape recognition apparatus is 
applied as a fingerprint detection apparatus using an LSI manufacturing technology, the apparatus can be prevented 

35 from breaking even when a finger has static electricity, so the reliability of the surface shape recognition apparatus is 
improved. 

[0075] As has been described above, according to the present invention, a ground electrode is formed on the appa- 
ratus surface. The ground electrode and interconnections connected thereto are not laid out in the apparatus. In this 
arrangement, a current generated on the apparatus surface when a target recognition object such as a human finger 
to with static electricity comes into contact with the apparatus surface flows not to the apparatus but to the ground side 
through the ground electrode. This suppresses the influence of static electricity on the capacitance detection circuit in 
the apparatus. Hence, the reliability of the apparatus can be improved, and the surface shape of the target recognition 
object in contact with the apparatus surface can be stably and highly sensitively detected 

[0076] In addition, since a static electricity protection element is arranged on the input side of all circuits in the ca- 
45 pacitance detection circuit connected to the sensor electrode tor detecting the target recognition object, the capacitance 
detection circuit can be prevented from breaking due to the static electricity 



Claims 

so 

1. A surface shape recognition apparatus characterized by comprising 

a plurality ot sensor electrodes (105) formed on an intcrlevcl insulator on a substrate and insulated from each 
other; 

55 a passivation film (1 07) formed on said tnterlevel insulator to cover an upper surface and side surface of each 

of said sensor electrodes, said passivation film being formed from a dielectric material; 
a capacitance detection circuit (200) for, when a target recognition object comes into contact with a surface 
of said passivation film, detecting an electrostatic capacitance formed between said sensor electrode and a 
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surface of said target recognition object opposing said sensor electrode; and 

static electricity avoiding means (106, 04. Q5) for passing static electricity on the surlace of said passivation 
film. 

5 2. An apparatus according to ctaim 1, wherein said static electricity avoiding means comprises a ground electrode 
(106) formed on said interlevel insulator to be insulated from said sensor electrodes and partially forming one 
surface together with said passivation film. 

3. An apparatus according to claim 2. wherein said static electricity avoiding means comprises 

jo a static electricity protection element (04. 05) inserted between said capacitance detection circuit and said 

sensor electrode. 

4. An apparatus according to claim 1. wherein said capacitance detection circuit is formed as an integrated circuit 
on said substrate on which said sensor electrodes and said passivation film are formed. 

75 

5. An apparatus according to claim 4. further comprising a processing circuit (300) formed on said substrate as the 
integrated circuit together with said capacitance detection circuit to process a detection output from said capaci- 
tance detection circuit and output a surlace shape of said target recognition object. 

to 6. An apparatus according to claim 2. wherein 

each of said sensor electrodes is formed into a size with which a plurality of sensor electrodes are covered 
with a contact surlace of said target recognition object in contact with the surface of said passivation film, 
said capacitance detection circuit is formed under said interlevel insulator on said substrate, and 
2S said ground electrode is connected to a rcforonco electrode to which a predetermined potential is applied 

outside a region where said sensor electrodes are laid out. 

7. An apparatus according to claim 6 further comprising a processing circuit for processing a detection output from 
said capacitance detection circuit and output! ing a surlace shape of said target recognition object, 
30 said processing circuit processing a difference between electrostatic capacitances which are detected by 

said capacitance detection circuit in correspondence with said sensor electrodes when said target recognition 
object comes into contact with the surface of said passivation film, and outputting the surlace shape ol said target 
recognition object 

35 8. An apparatus according to claim 2. wherein 

said ground electrode is formed into a matrix shape, and 

said sensor electrodes are arranged at centers of cells of said ground electrode formed into the matrix shape. 
JO 9. An apparatus according to claim 6 wherein a ground potential is applied to said reference electrode. 

10. An apparatus according to claim 1 wherein 

said capacitance detection circuit comprises a signat generation circuit (210) connected to said sensor elec- 
trode to generate a signal corresponding lo the electrostatic capacitance and an output circuit (220) for re- 
ceiving a signal generated at a connection portion between said sensor electrode and said signal generation 
circuit, converting the signal into a desired signal, and outputting the desired signal, and 
said sialic electncily avoiding means is piovided as a sialic electricity protection element on an input side ol 
all circuits connected to said sensoi electiode. 

so 

11. An apparatus according to claim 10 wherein 

said static electricity protection clement comprises a MOS transistor (Q2, Q4) having one of source and drain 
terminals connected lo said sensor electrode and 
55 a parasitic p-n diode is formed between said one terminal of said MOS transistor and a substrate or well on 

which said MOS transislor is formed 

12. An apparalus according lo claim t. wherein 
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said capacitance detection circuit comprises a signal generation circuit connected to said sensor electrode to 
generate a signal corresponding to the electrostatic capacitance, a signal amplification circuit tor amplifying 
a signal generated at a connection portion between said sensor electrode and said signal generation circuit, 
and an output circuit for converting the signal from said signal amplification circuit into a desired signal and 
s outputting the desired signal, and 

said static electricity avoiding means is included in an input to said signal amplificatbn circuit connected to 
said sensor electrode. 

13. An apparatus according to claim 12, wherein 

10 

said signal amplification circuit comprises a MOS transistor (Q5) having one of source and drain terminals 
connected to said sensor electrode as an input, and 

a parasitic p-n diode is formed between said one terminal of said MOS transistor and a substrate or well on 
which said MOS transistor is formed. 

14. An apparatus according to claim 1 , wherein 

said capacitance detection circuit comprises a signal generation circuit connected to said sensor electrode to 
generate a signal corresponding to the electrostatic capacitance and an output circuit for receiving a signal 
20 generated at a connection portion between said sensor eleclrode and said signal generation circuit, converting 

the signal into a desired signal, and outputting the desired signal, and 

said static electricity avoiding means is provided as a static electricity protection element between said sensor 
electrode and said output circuit. 

15. An apparatus according to claim 14, wherein 

said static electricity protection element comprises a MOS transistor (Q4) having one of source and drain 
terminals connected to said sensor electrode and the other of source and drain terminals connected to an 
input side of said output circuit, and 
30 a parasitic p-n diode is formed between said one terminal of said MOS transistor and a substrate or well on 

which said MOS transistor is formed. 
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